This paper describes a development of a numerical model and experimental validation of the hydrodynamics in industrial-scale sewage sludge bubbling fluidized bed incinerator. The numerical model and simulations are performed using commercial CFD software package ANSYS Fluent 14.5. The complex geometry of the developed numerical model represents the actual industrial-scale bubbling fluidized bed combustor. The gassolid flow behaviour inside the bed was described using the Eulerian-Eulerian multiphase model. The momentum exchange coefficients between the gas phase and solid particles were described by the Syamlal and O'Brien drag model equations. The CFD transient simulations were run for 350 seconds at the optimum operating conditions of the used fluidized bed with bed temperature of 850°C. The experiments were carried out using quartz sand with three different particle sizes having a diameters ranging from 0.5 mm to 1.5 mm and a density of 2650 kg/m³. The industrial-scale furnace was filled with bed material to a bed height of 0.85 m. The same operating parameters have been applied for both experimental and numerical studies. The hydrodynamics of the gas-solid industrial-scale bubbling fluidized bed at operating conditions are investigated in the CFD numerical model and simulations of this three-dimensional (3D) complex geometry. To estimate the prediction quality of the simulations based on the developed numerical model, the minimum fluidization gas velocity and pressure drop results obtained from the CFD simulations are validated with the experimental measurements. The generated simulation results of the pressure drop and minimum fluidization gas velocity of the industrial-scale sewage sludge incinerator based the Eulerian-Eulerian method and Syamlal and O'Brien drag model are in good agreement with the experimental measured data.
I. INTRODUCTION
The municipal wastewater treatment plants in Germany generate approximately two million tons of dry sewage sludge every year. The thermal treatment of sewage sludge has been increased in the period from 2004 to 2011, from 31.5% to more than 54%. Currently more than 25% of this generated sewage sludge is incinerated in mono-incineration plants, which is mainly performed in bubbling fluidized bed incinerators [1, 2] .
In the sewage sludge bubbling fluidized bed combustion plants, the sewage sludge fuel is injected into a combustion chamber and combusted, when the fuel particles come in contact with the suspended hot quartz sand particles as inert material and combustion air. The generated heat energy from the combustion process of the sewage sludge is absorbed by the quartz sand layer. The absorption of this thermal energy by the bed mass during the combustion results in a uniform temperature distribution throughout the bed, so that each particle of the inert material has the same temperature to avoid the formation of temperature peaks inside the fluidized bed. The combustion temperature of about 850°C is controlled by the using of auxiliary firing with sewage gas as well as natural gas. The inert material is fluidized by the hot air coming from the recuperator which is preheated by the flue gas stream leaving the incinerator. The bed high of the fluidized bed material can be adjusted and limited by the control of pressure drop of the inert material and the fluidizing air flow rate. A uniform and stable fluidization of the bed material is crucial for insuring a uniform temperature distribution and an efficient and complete combustion with minimal pollutant formation, especially by the combustion of some problematic fuels. Therefore, the first measure for avoiding an inhomogeneous temperature distribution and an incomplete combustion is the pressure drop of the inert material, and thus sewage sludge fuel can only introduced and the combustion take place if a uniform fluidization of bed material is available. Due to the thermal mass of the inert material, also fuels with high moisture content and calorific value can be effectively used in bubbling fluidized bed combustor. The bed particles act as a moving thermal energy accumulator and match the fluctuations in fuel properties. Therefore, the fluidized bed technology is the most widely used in combustion plants for the thermal treatment of problematic waste. The main advantages of this combustion technology lie in its excellent mixing, the rapid heat transfer and the efficient and lowemission combustion. An additional advantage of this relatively new technology is the ability to burn various fuels in the same unit as well as the staged air and the low combustion temperature which keeps the formation of thermal (NO X ) reduced to very low levels. Due to all this fluidized bed advantages, fluidized bed technological process found its use in various applications, especially in the energy and chemical industries, as well as in the thermal treatment of municipal solid waste and sewage sludge. According to the various applications of the fluidized bed system, the use of this technology has enormously increased.
In operation, the fluidizing air is injected into the combustion chamber of the incinerator through the grate at the bottom of the bed and used as both fluidization and combustion air. Because this primary air is responsible for the fluidization of the inert material the bed, the superficial air velocity should be at least equal with the minimum fluidization gas velocity of the bubbling fluidized bed. In addition, the primary air velocity increases with increasing the air temperature. Furthermore the air flow rate has to be not much higher than required to maintain a stable fluidization of sand particles to insure an optimum process operation. A good mixing of hot bed material ensure a good contact between combustion air and fuel particles and results in homogeneous temperature distribution so that only low excess air level for an efficient and complete combustion is required as in other conventional incineration processes. This lower excess air leads to reduce the flue gas volume and therefore to reduce the operating costs by the gas cleaning process as well as increasing the efficiency of the whole plant. Therefore, a study of the hydrodynamic behaviour study of the bubbling fluidized bed combustor is necessary to improve the incineration processes and reduce the pollutant emissions. In addition to the experimental studies on gas-solid multiphase flow in bubbling fluidized bed incinerators, several universities and research centres worldwide are involved in investigating the hydrodynamic behaviour of bed material inside the fluidized beds, especially the minimum fluidization gas velocity and the pressure drop of the distributor plate generated by the inert material using Computational Fluid Dynamics (CFD) program, so that this method is state of the art. This fluid dynamics software has been developed specifically for the modelling and simulation of the complex flow processes. The CFD has proven its efficiency and becomes an essential tool for the analysis and optimisation of combustion systems as well as in many processes. Computational Fluid Dynamics is the most commonly used numerical method to investigate the multiphase flow. The use of CFD simulation for fluidized bed reduces the need to a very expensive as well as time consuming experimentation for the process design and optimization [3] .
There are generally two different approaches for the numerical study of the gas-solid multiphase flow with CFD (Computational Fluid Dynamics) applied and reported in the literature, the Euler-Euler and Euler-Lagrange method [4, 5] . In the Euler-Euler method, both phases the continuous gas phase and solid particle phase are calculated as a continuum in a fixed volume control. In contrast to the first method, in the Euler-Lagrange method, the gas phase is treated as continuum, and on the other hand the solid particle phase is calculated by the Newtonian equations of motion for each individual particle in the bubbling fluidized bed. The numerical simulation with the Euler-Lagrange method, in which means that an equation of motion is calculated for each solid particle is computationally very time consuming, especially for high number of particles in a large-scale industrial fluidized beds [3] .
Numerous drag models have been developed and applied in recent years to describe the interactions between the gas and the solid phase inside the fluidized bed system. The drag models of Syamlal and O'Brien, Wen and Yu and Gidaspow are the most used models in the investigation of the hydrodynamic behaviour in gas-solid bubbling fluidized beds [5] [6] [7] . Unfortunately, there are only a limited works introduced in the literature, where researchers applied both experimental and numerical investigations to validate the numerical results. Taghipour et al. [9] have studied the gas-solid hydrodynamics in two-dimensional (2D) fluidized bed incinerator based on Wen and Yu, Gidaspow and Syamlal and O'Brien drag models. They found that the generated pressure drop results at higher gas velocity than the minimum fluidization gas velocity based on Gidaspow and Syamlal and O'Brien drag models are in good agreement with the experimental measured data.
Hamzehei, M. [15] have studied the hydrodynamics of the gas-solid fluidized bed based on the Gidaspow, Arastoopour, and Syamlal and O'Brien drag models, and found that the Syamlal and O'Brien drag model predicts better hydrodynamic results, and these results are also in good agreement with the experimental measured data compared to the other drag models.
Almuttahar [16] has also compared the Gidaspow, Syamlal and O'Brien and Arastoopour drag models to predict better gas-solid hydrodynamic results inside the bed based on the minimum fluidization gas velocity, and found the modified drag model of Syamlal and O'Brien to provide better performance compared to Arastoopour and Gidaspow models.
Esmaili and Mahinpey [17] have investigated the generated simulation results from eleven drag models based on the minimum fluidization gas velocity, and found that Syamlal and O'Brien drag model predicts better hydrodynamics. Syamlal and O'Brien drag model is also found to provide higher forecast accuracy of the minimum fluidization gas velocity compared to those drag models. In addition, they also found that simulations based on 3D numerical models provide better predictions compared to those applied in 2D models. Wang et al. [18] found also that 3D predicts much better simulation results than 2D domains, and the 3D obtained simulation results are in best agreement with the experimental measured data.
Schreiber et al. [19] found that simulations based on 3D domains give better agreements with the experimental measurements, but on the other hand computationally very expensive and require a large amount of computer resources.
The main issues in validating threedimensional CFD simulations with experimental measurements are the computational resources required and the computation time needed to predict detailed hydrodynamic results of a bubbling fluidized bed combustor, especially for industrialscale systems. The most of the CFD numerical investigations on hydrodynamic behaviour in bubbling fluidized bed were applied in twodimensional models of a laboratory-scale fluidized bed. Therefore, the purpose of this work is to fill this gap by investigating the hydrodynamic behaviour of the inert material in a threedimensional numerical model of an industrial-scale bubbling fluidized bed combustor, and validating the obtained numerical simulation results against the experimental measurements.
The objective of this combined numerical and experimental investigations applied at the industrial-scale bubbling fluidized bed combustor is to evaluate the accuracy of the two basic operating parameters that effect the combustion processes, which are the minimum fluidization gas velocity and pressure drop of the inert material. To determine the impact of particle sizes and superficial gas velocity on the fluidization behaviour of bed material inside the bubbling fluidized bed as well as the pressure drop generated by the bed mass, the obtained CFD simulation results from the developed numerical model using the Eulerian-Eulerian multiphase approach with the Syamlal and O'Brien drag model are validated by comparing these predicted results with the experimental measurements of the rig, and finally, to check if the used drag model predicts correctly the fluidization behaviour of the applied industrial-scale bubbling fluidized bed.
II. THE CFD MODEL AND SIMULATION
The The interactions between the gas and quartz sand particles were studied in the modelled industrial-scale bubbling fluidized bed. The complex geometry of the developed three-dimensional numerical model is similar to the industrial-scale combustor. The model was created in SolidWorks, the meshing was developed in ICEM CFD software. The three-dimensional numerical domain of the rig was meshed with structured hexahedral grids of approximately 683000 cells, 1520000 faces and 240000 nodes. The used complex geometry model of the gas-solid industrial-scale bubbling fluidized bed is shown in figure 1 .
Based on the Eulerian-Eulerian method, the commercial Computational Fluid Dynamics code FLUENT 14.5 is applied to simulate the gas-solid multiphase flow. In this multiphase method, both phases are considered mathematically as interpenetrating continua. The Syamlal and O'Brien drag functions are applied to calculate the gas-solid exchange coefficients.
The inside dimensions of the cylindrical industrial-scale bubbling fluidized bed combustor are a bed diameter of 3.44 m, which gives an area of about 9.3 m 2 , and a bed height, including freeboard of 8.8 m. Three different quartz sand particle diameters ranging from 0.5 mm to 1.5 mm with a density of 2650 kg/m3 were used. These values are consistent with those of the experimental industrialscale bubbling fluidized bed. The same operating conditions were applied for all the numerical investigations performed with varying only the inlet gas velocity and the sand particle sizes. The inlet gas velocities were set as 0. 
o The Euler-Euler approach equations
The numerical model proposed in this work to describe the gas-solid flow behaviour in the industrial-scale bubbling fluidized bed combustor is based on the multiphase Eulerian-Eulerian method. This multiphase approach is widely used to forecast the hydrodynamics in a gas-solid fluidized beds. The Eulerian-Eulerian multiphase model treats both gas and particle phase as interpenetrating continua. The flow of this multiphase model is given by the continuity and momentum equations. The gas and solid phase momentum and continuity equations are given for each phase [8, 20, 23] . The gas and solid phase continuity equations can be written as follows:
Where and are the gas and solid phase densities, and are the gas and solid phase velocity vectors.
Subscripts (g) and (s) denote the gas and solid phases, where and denote the gas and solid volume fractions, which is occupied by the total volume satisfying the condition that all the volume fractions sum to 1.
The gas and solid phase momentum balance equations can be written as follows: o The drag model
The momentum exchange coefficient which describes the drag force between the gas phase and solid particles, plays an essential role in the gas-solid multiphase flow processes. Different drag models are developed, investigated and reported in the literature to predict the interphase momentum exchange in fluidized bed combustors based on kinetic theory of granular flow (KTGF) [6] . The three popular and most widely used drag models are Gidaspow, Wen-Yu and Syamlal and O'Brien model [16, [20] [21] [22] . Syamlal and O'Brien drag model is found to predict better hydrodynamic results compared to other models, and therefore more suitable for investigating the hydrodynamics of gas-solid bubbling fluidized bed combustors [10, 16] .
For this reason, the Syamlal and O'Brien drag equations have been used in this investigation to calculate the momentum exchange between the gas phase and solid particles inside the fluidized bed. This drag model functions are based on the measurement of the terminal velocities of solid particles inside the fluidized bed combustors, with 
Where the drag function is given by:
and is the solid particles terminal velocity correlation:
with
The solid particles relative Reynolds number is defined as:
where denote the solid particle diameter and the gas phase dynamic viscosity.
o The minimum fluidization gas velocity and pressure drop
In the bubbling fluidized bed combustion, the flow rate of the combustion air plays important roles in the combustion processes, which primarily provide an air sitting cushion for the solid particles across the distributor plate as well as a uniform mixing of the inert material to ensure an efficient and complete combustion of sewage sludge.
The good mixing of bed material results in a uniform temperature distribution inside the fluidized bed as well as an efficient and complete combustion of the sewage sludge. In the bubbling fluidized bed incineration process, the solid particles expansion inside the furnace is continuously monitored by measuring the generated pressure drop across the distributor, and limited by the control of the fluidization gas velocity. Therefore, the minimum fluidization gas velocity and pressure drop are the fundamental process parameters of the bubbling fluidized bed, and thus the most investigated parameters to characterize the fluidization of inert material inside the incinerator. Knowledge of the minimum fluidisation gas velocity needed to fluidize the inert material and bed pressure drop are necessary to design, operate and optimize the combustion process in bubbling fluidized bed. A stable fluidization of the inert material is required to achieve an optimal and effective combustion process inside the bed. The fluidization gas velocity is calculated by dividing the measured gas flow rate by the cross-sectional area of the used industrial-scale furnace. The pressure drop of the gas-solid bubbling fluidized bed is the difference between the measured pressure values below and above the inert material in the freeboard area [24, 25] .
At the minimum fluidization velocity, the fluidized bed pressure drop generated from bed material is expected to have a value equal to the weight of the inert material per unit area of the distributor, and thus the pressure drop across the bed drop is defined as [26] [27] [28] :
(10) Where g denote the gravity, the fluid phase volume fraction at the minimum fluidization gas velocity and denote the height of the inert material.
The transition from the fixed bed to fluidization regime in the bubbling fluidized bed is determined by controlling the combustion air flow rate, and attained by reaching the minimum fluidization gas velocity . This transition occurs depends on inert material particle sizes and density [7, 31] . Ergun's equation of for fine particles is defined as:
Ergun's equation of for large particles is defined as:
At the minimum fluidization gas velocity of the bubbling fluidized bed incinerator, the Reynolds number is defined as [28] [29] [30] : 
III. THE EXPERIMENTAL TEST INDUSTRIAL-SCALE BUBBLING FLUIDIZED BED
The experimental work was performed in an industrial sized cylindrical fluidized bed incinerator, with an inside furnace diameter of 3.44 m and a bed height of 8.8 m. These dimensions enable incineration of about 1400 kg/h of dried sewage sludge, depending on moisture content and plant operating conditions. The fluidized bed incinerator consists of the windbox, the conical fluidized bed cross-sectional area with the fluidizing nozzles and sand as inert material, the cylindrical freeboard, and the upper part with the flue gas outlet. A Screen capture of the industrial-scale bubbling fluidized incinerator used in this study is shown in figure 2 .
The industrial-scale furnace was filled with mixed quartz sand as inert material to a bed height of 0.85 m with particle sizes ranging from 0.5 mm to 1.5 mm in diameter and a density of 2650 kg/m 3 . The same conditions are used for the present CFDsimulations.
The preheated fluidizing air is injected into the sewage sludge combustion chamber via a multiple air nozzles, which are positioned uniformly above the primary air distributor plate of this industrial-scale bubbling fluidized bed incinerator. To maintain the furnace of this industrial-scale rig at the operating temperature of about 850°C, the preheated primary air from the recuperator by the flue gas leaving the incinerator to a temperature of approx. 650°C is further increased by using a sewage/natural gas burner installed in the windbox at the bottom of the combustor to a combustion air temperature ranging from 800°C to 850°C.
All temperatures measured by the thermocouples located at different levels in the freeboard of the furnace are between 850°C and 920°C. The pressure drop of the bed material across the distributor plate is controlled by regulating both the volume flow rate of the primary air and the windbox temperature. In the process, the combustion temperatures are controlled by regulating the volume flow rate of the auxiliary fuel depending on the moisture content of the sewage sludge. This combustion unit is also equipped with a gas cleaning system and gas measurement devices. After leaving the combustor, the resulting combustion flue gas which is produced during the sewage sludge incineration process is cleaned by a multistage flue gas cleaning units consisting of electrostatic precipitator, spray cooler, back circulator and bag filter. The cleaned flue gas exits the bag filter through the chimney into the atmosphere.
All the essential process parameters of the industrial-scale furnace such as the oxygen concentration, combustion temperatures and pressures are measured continuously with authorized measurement devices and stored in a local database. The measurement of emissions according to the 17.BImSchV (German Federal Emission Control Ordinance) are registered and analysed continuously by the emission computer. This industrial-scale sewage sludge fired furnace works in the bubbling fluidization condition. Therefore, the working pressure drop of this fluidized bed should be in the range from 11000 to 13000 Pa. The air volume flow rate which is measured for normal atmospheric conditions based on a pressure of one bar and air temperature of T 1 = 20 °C is about V 1 = 7100 Nm 3 /h. After being preheated to air temperature of T 2 = 850°C, the air volume flow rate is calculated based on the ideal gas law and Charles's law [32] , in which the volume flow rate of gas at constant pressure increases by the same factor as its temperature , and therefore is 2 
IV. RESULTS AND DISCUSSION
The efficiency of the industrial-scale bubbling fluidized bed combustor is highly dependent on the flow conditions of the inert material inside the furnace. The combustion efficiency of this industrial-scale rig can be improved by providing a stable and uniform fluidization of the inert material inside the bed. The fluidization of bed material is controlled by the combustion air flow rate and monitored by measuring the pressure drop across the bed. Therefore, knowledge about the pressure drop of bed material across the distributor plate and minimum fluidization gas velocity are required to ensure a stable and uniform operation of the industrial-scale rig. In this work the two basic operating parameters that affect the hydrodynamics of the gas-solid flow and the combustion process in the bubbling fluidized beds, which are the minimum fluidization gas velocity and the pressure drop of the inert material have been investigated. The flow behaviour of inert material with a uniform air distribution inside the industrial-scale furnace has been studied experimentally and computationally. The objective of these investigations is to study how the superficial air velocity and particle sizes influence the pressure drop of the bed across the distributor plate of the used industrial-scale rig based on a computational model and simulation approach. The experimental measurements are used to evaluate the accuracy of the simulation results predicted from the CFD model. Quartz sand with three different diameters of 0.5 mm, 1.0 mm and 1.5 mm, with a density of 2650 kg/m3 is used as inert material. The momentum exchange coefficients between the gas phase and solid particles were described by the Syamlal and O'Brien drag model equations. Many simulations have been carried out by varying the fluidization air velocity from 0.8 m/s to 1.5 m/s and sand particle sizes from 0.5 mm to 1.5 mm in diameter to provide pressure drop values in the operating range of the used industrial-scale sewage sludge furnace. Figure 3 shows the predicted pressure drops from the CFD simulations for lower particle sizes with 0. The fluctuations in pressure drop cause instability and result in slugging fluidization regime. The reason might be due to coalescence of small bubbles, high gas velocity and relatively small particles size. Bed material instabilities lead to nonuniform temperature distribution and to an incomplete combustion of sewage sludge inside the furnace, and thus lead to the formation of flue gas emissions. In order to insure that the bubbling fluidized bed combustor operates below a rate where slugging regime occurs, the gas flow rate has been limited to the superficial velocity of 1.35 m/s. The hydrodynamic behaviour of three different particles at nearly the same superficial gas velocity of about 1.35 m/s in the industrial-scale bubbling fluidized bed combustor is investigated by plotting the contours of static pressure drop across the distributor plate and the volume fraction of the solid particles for a simulation time of 300 seconds. Figure 5 shows the effect of varying particle diameters on the generated pressure drop of the rig.
It is observed that the pressure drop of inert material increases with the increase of solid particle sizes. Generally, it can be noted that the increase in particle sizes results in increasing the pressure drop across the distributor plate of the rig. This could be due to the fact that smaller particles have less drag force compared to the larger particles. Therefore, reducing the solid particle sizes results in a higher degree of expansion which leads to a high impact on fluidization behaviour.
The contours of solid particles volume fraction based on the Syamlal and O'Brien drag model using the same operating conditions as by the industrial-scale bubbling fluidized bed is shown in Figure 6 .
The obtained results of sand particles volume fraction with 1.5 mm in diameter show a uniform particle distribution across the distributor plate and a stable fluidization of the inert material inside the bed, and thus an optimum fluidization also that the bubble diameter increase with reducing the sand particle sizes, resulting in different sand flow regimes. Slugging regime is observed for particles with 0.5 mm in diameter due to coalescence of bubbles at higher air velocities. All predicted simulation results of pressure drop are approximately between 11500 and 12200 Pa, and thus also here in the operating range of the used bubbling fluidized bed of 11000 to 13000 Pa. It is found that the larger sand particles require much pressure force for the fluidization as lower sand particles, thus the inert material pressure drop increases with the increase in particle diameter. Figure 8 demonstrate the variation of pressure drop results with the fluidization air velocity of 1.35 m/s for three different sand particle sizes. The predicted CFD simulation results of pressure drop are plotted against the fluidization air velocity. Greater values of pressure drop were obtained with the larger sand particle sizes with a mean diameter of 1.5 mm compared to those obtained with sand particle sizes with 0. observed that the predicted pressure drop increases from approximately 11500 to 12500 Pa by increasing the sand particle size from 0.5 to 1.5 m/s, and therefore the minimum fluidization air velocity needed to fluidize the inert material inside the bed increases with the increase in particle size. The comparison of the pressure drop results obtained from the CFD numerical simulations using three different particle sizes of 0.5 mm, 1.0 mm and 1.5 mm in diameter at a fluidization air velocity of 1.35 m/s with the experimental measurements of the furnace is shown in figure 9 .
All the predicted numerical results from the developed model were simulated for 350 seconds and validated using the experimental measurements of the industrial-scale rig. As observed from this figure, the simulation results of the inert material with particle sizes of 1.0 mm and 1.5 mm in diameter are both consistent with the experimental measurements of the used furnace. For particle sizes with mean diameter of 0.5 mm at the fluidization air velocity of 0.8 m/s, both the experimental measured data and the CFD numerical simulation have approximately the same bed pressure drops. 
V. CONCLUSION
Based on the Eulerian-Eulerian method, the commercial Computational Fluid Dynamics code FLUENT 14.5 is applied to numerically simulate the gas-solid hydrodynamics in a three-dimensional industrial-scale sewage sludge bubbling fluidized bed. The momentum exchange coefficients between the gas phase and solid particles were described by the Syamlal and O'Brien drag model functions. The complex geometry of the developed numerical model represents the actual industrial-scale furnace. The same operating conditions have been applied for both experimental and numerical studies, with varying only the inlet gas velocity and sand particle sizes. To estimate the prediction quality of the developed numerical model, the minimum fluidization air velocity and pressure drop results obtained from the CFD simulations are validated with the experimental measurements. Both CFD numerical simulations and experimental measurements were run for 350 seconds.
The objective of this combined numerical and experimental investigations was, to analyse how sand particle sizes with 0.5 mm, 1.0 mm and 1.5 mm in diameter and the superficial inlet air velocity from 0.8 m/s to 1.5 m/s influence the fluidization behaviour of the industrial-scale rig, particularly the generated pressure drop across the distributor plate, www.ijera.com DOI: 10.9790/9622-0703030112 11 | P a g e and finally to determine the efficient parameters for the bubbling flow regime inside the bed. It is found from these numerical investigations that the increase in sand particle sizes results in an increasing of pressure drops across the distributor plate of the furnace. It is also observed that the expansion of inert material inside the bed increases with the increase of the fluidization air velocity and the decrease of quartz sand particle sizes. A nonuniform fluidization with a large pressure drop fluctuations of bed material for smaller particle size with a mean diameter of 0.5 mm at higher fluidization air velocity of 1.5 m/s resulting in slugging regime have been observed. Therefore, to prevent this pressure drop fluctuations which can cause temperature non-uniformity in the industrialscale bubbling fluidized bed combustor, the inlet air velocity introduced to the furnace has been limited to a superficial velocity of 1.35 m/s. All predicted CFD numerical results of the pressure drop across the distributor plate are in the operating range of the used industrial-scale bubbling fluidized bed furnace of 11000 to 13000 Pa and approximately identical to the experimental measured data. Based on the generated pressure drops from the developed CFD numerical model and Syamlal and O'Brien model functions, the minimum fluidization air velocity using smaller particle sizes with a mean diameter of 0.5 mm was discovered to be 0.8 m/s. This air velocity is approximately identical to the operating air velocity of the used industrial-scale bubbling fluidized bed, and thus similar to the experimental measurements. Therefore, the CFD model proposed in this work was found in general to provide a good pressure drop predictions at a wide range of fluidization air velocities and also for different quartz sand particles and to agree well with the experimental measured data of the used industrialscale combustor. These CFD numerical simulations indicate that the Syamlal and O'Brien drag model functions are able to successfully forecast the hydrodynamics of gas-solid flow in this industrialscale bubbling fluidized bed combustor, and thus the developed CFD model provides detailed informations for further work on control strategies of the combustion process. The CFD numerical investigations need high computer resources, especially for three-dimensional models of industrial-scale fluidized beds.
